Abstract This study investigated the oxytocin receptor (OXTR) gene's moderation of associations between exposure to a substance misuse intervention, average peer substance use, and adolescents' own alcohol use during the 9th-grade. OXTR genetic risk was measured using five single nucleotide polymorphisms (SNPs), and peer substance use was based on youths' nominated closest friends' own reports of alcohol, cigarette, and marijuana use, based on data from the PROSPER project. Regression models revealed several findings. First, low OXTR risk was linked to affiliating with friends who reported less substance use in the intervention condition but not the control condition. Second, affiliating with high substance-using friends predicted youth alcohol risk regardless of OXTR risk or intervention condition. Third, although high OXTR risk youth in the intervention condition who associated with low substance-using friends reported somewhat higher alcohol use than comparable youth in the control group, the absolute level of alcohol use among these youth was still among the lowest in the sample.
alcohol-related problem behaviors and attitudes in young adulthood (Pitkänen et al. 2005) .
The higher risks associated with drinking in early adolescence occur during the years in which susceptibility to peer influence peaks (Steinberg and Monahan 2007) and adolescents begin to spend less time with parents and more time with peers (Larson et al. 1996) . The confluence of increased peer exposure and reduced time with parents increases the impact of modeling and greater alcohol use that come with proximity to substance-using peers (Osgood et al. 2013a, b) . Accordingly, many preventive interventions designed to reduce adolescent alcohol use target peer influences in early adolescence.
Preventive interventions vary in effectiveness, reducing risk behaviors among some adolescents but not others. In the last decade, some of this variability in individual responses has been shown to be associated with genetic differences-specifically, differences at particular genetic loci (Brody et al. 2009 ). The impact of early adolescents' perceived peer pressure to use alcohol on their own use has been added to the list of factors moderated by specific genetic variance (i.e., candidate genes; Griffin et al. 2015) . Given that substance use preventive interventions often focus on peer influence, variability in substance use interventions' effects may be due at least in part to genetic differences that influence susceptibility to peer factors.
In the current study, we investigated ways in which variability in the oxytocin receptor (OXTR) gene might impact affiliations with substance-using peers across control and intervention conditions of a preventive intervention trial designed to reduce adolescent substance use and the potential impact of these peer affiliations across control and intervention conditions of this preventive intervention trial. We focused on genetic variation in the oxytocin system because oxytocin has been linked to social processes such as social attachment (Carter 1998) , affiliation (Andari et al. 2010) , and trust (Kosfeld et al. 2005 ) that may contribute to differences in relationships to peers and their influences on alcohol use. These oxytocin-related social processes are relevant to the two primary peer processes examined by behavioral scientists: the selection of friends and their influence on behaviors (i.e., socialization). Similarly, many interventions designed to reduce initiation and escalation of adolescent substance misuse target these peer processes. The current study addressed interventions' impacts on selection and socialization processes relevant to adolescents' use of alcohol in the 9th grade, and whether variation in OXTR moderates the intervention effects of these processes.
We examined three research questions. First, does OXTR variation moderate interventions' impact on affiliations with substance-using peers? Second, does OXTR variation moderate the similarity between friends' substance use and adolescents' own alcohol use? And third, does OXTR variation moderate intervention's impact on the links between affiliations between peer substance use and individual adolescents' own alcohol use? Prior to setting out details on the approach taken to address these research questions, we review the literature on how peer processes can contribute to adolescent alcohol use; emerging evidence of how genetic variance, both general and specific, can contribute to these peer processes; how interventions address such peer processes; evidence of candidate genes moderating intervention and other environmental effects; and the importance of oxytocin generally, and the OXTR gene specifically, for the social processes examined here.
Peer Selection and Influence and the Role of Genetic Variance
Affiliating with peers who engage in risk behaviors such as substance use increases adolescents' own risks of similar behaviors (Fisher et al. 2007) .
Historically, this phenomenon has been explained by theories such as differential association, which suggests that prodeviance messages within peer groups can lead to deviant behaviors (Sutherland 1947) , and social learning, which suggests that individuals model the behaviors of others and conform to norms to gain social rewards such as acceptance (Bauman and Ennett 1996; Cialdini and Trost 1998) .
It is important to emphasize that although adolescents may model the behaviors of distant peers and even media figures, the influence of close peers and friends appears to be stronger. In fact, even when adolescents imitate indirect social contacts, they do so mainly to impress their friends and maintain social circles (Payne and Cornwell 2007) . Thus, the context created by adolescents' direct peers is doubly relevant. It is possible that families can influence affiliations with substance-using friends by monitoring their children's activities and friendship choices, modeling behaviors and transmitting values that affect friendship choice, and structuring their children's social contexts to increase access to prosocial peers. However, behavior genetic analyses suggest that adolescents select, or are selected by, friends in accordance with genetic variance. Applying a twin modeling approach to substance use scores constructed from nominated friends' own reports, predicting 9th-grade alcohol use, Cleveland et al. (2005) found that most of the variation (64%) in affiliations with substance-using friends was related to genetic variance, with the remainder (36%) explained by nonshared environmental factors.
Although findings that link peer affiliations to genetic variation, like all biometric results, do not address which genes, or how such genes, are involved, they demonstrate the viability of an approach that hypothesizes about specific genetic variants, such as those related to oxytocin, that might contribute to affiliations with substance-using peers. The viability of a potential role for specific genes as contributors to risky peer affiliations and their impact on drinking is further buttressed by recent candidate gene findings. For example, Griffin et al. (2015) found that carriers of at least one copy of the DRD4 7-repeat allele (7+) reported a stronger positive association between perceived peer pressure and increased alcohol use than non-carriers. Similarly, in a randomized experiment, Larsen et al. (2010) found that when exposed to heavy-drinking confederates, young adults carrying DRD4 7+ drank more than those without the allele. A second randomized study suggested a mechanism behind this interaction: Creswell et al. (2012) found that DRD4 7+ carriers were more sensitive to the social bonding effect of alcohol than 7− individuals.
Substance Misuse Interventions Within the PROSPER Project
Given the importance of peer influence for substance use, many preventive interventions are designed to assist adolescents' abilities to make decisions that reduce exposure to and influence of substance-using peers. The data used here are drawn from the PROSPER project. Intervention communities delivered both family-focused and school-based interventions (Spoth et al. 2004 ). All intervention communities in PROSPER delivered the Strengthening Families Program: For Parents and Youth 10-14 (SFP 10-14) as their familyfocused program. Approximately 17% of all eligible families across the PROSPER project's two study cohorts participated in the SFP 10-14.
For their school-based program, four communities selected Life Skills Training (Botvin 2000) and Project Alert (Ellickson et al. 2003) , while the remaining six chose the All Stars curriculum (McNeal et al. 2004 ). All 14 communities delivered their chosen program during required classes as part of the 7 th -grade curriculum, so nearly all students in participating schools took part. All the three school-based programs targeted social norms, decision-making, peer group affiliation, and peer pressure. Lesson activities included question-answer sessions, role play, and small-group activities. Assignments focused on recognizing and resisting peer pressure, benefits of not using alcohol and drugs, and practicing decision-making skills. Youth in the intervention conditions of the PROSPER study reported lower levels of use across an array of substances (see Spoth et al. 2011 for review) . Very high levels of implementation quality have been confirmed across family-focused and school-based interventions and cohorts (Spoth et al. 2007 ). For more details on each program, see Spoth et al. (2004) . Youth in the intervention conditions of the PROSPER study report lower levels of use across an array of substances; however, intervention's main effects on alcohol are modest (see Spoth et al. 2011 for review).
Candidate Gene Moderation of Intervention Effects
Research adding specific genetic variance to data from preventative intervention studies, including PROSPER, has demonstrated that specific genetic variance can moderate intervention effects. This line of research takes advantage of one of the defining characteristics of preventative intervention trials: random assignment to condition, which helps this work avoid rGE confounds. Findings from this line of research, known as "candidate gene by intervention" (cGxI) research, include that adolescents who were not at genetic risk based on their 5-HTTLPR status and who participated in a family-based intervention were less likely to initiate risk behaviors (e.g., including alcohol use) than adolescents at genetic risk attributed to 5-HTTLPR status (Brody et al. 2009 ). It is worth noting that this finding has been replicated (see Schlomer et al. 2016) .
Genetic moderation of intervention effects can also be conditioned by other aspects of the environment. Predicting an alcohol measure similar to the one investigated here, Cleveland et al. (2015) found that interventions reduced alcohol use among adolescents who reported moderate to high levels of maternal involvement and who carried the DRD4 7+ allele. This cGxI finding was not limited to DRD4, as 5-HTTLPR variation was also related to alcohol use in the same conditional fashion, that is among intervention youth with moderate to high levels on maternal involvement. It is worth noting that in the above study, which used the same 9th-grade alcohol use outcome considered in the current analyses, there was no main effect of intervention on alcohol use.
The Role of Oxytocin in Social Behavior
The foregoing studies involved two commonly examined genetic variants related to dopamine and serotonin regulation. These variants, associated with DRD4 and 5-HTTLPR, respectively, have been conceptualized as linked to general environmental sensitivity (see Belsky et al. 2007 ). When considering hypotheses about affiliations with peers and their potential impacts, a different biochemical process-oxytocin-and related genes may be more specifically relevant. Interacting with neurotransmitter systems, oxytocin is involved in the regulation of social behavior and social cognition (Donaldson and Young 2008) . Oxytocin blood levels and genetic variance related to oxytocin (i.e., the oxytocin receptor (OXTR) gene) have been linked to a wide array of social behaviors and characteristics relevant to social behaviors in humans (e.g., Walum et al. 2012 ) and other mammals (e.g., MacLean and Hare 2015). For example, social recognition is related to blood-level oxytocin (Feldman et al. 2015) and pair bonding to OXTR variation (Walum et al. 2012) . Socially relevant characteristics including callus-unemotional traits (Cecil et al. 2014; Rice and Derish 2015) , orientations toward individualism vs. collectivism (Luo and Han 2014) , aggressiveness (Wu et al. 2012) , and low empathy (Feldman et al. 2015) have all been linked to OXTR. Oxytocin also has been linked to prosocial behaviors, but in a contextually moderated fashion (Bartz et al. 2011) , enhancing prosociality in cooperative contexts but increasing aggression in competitive contexts (id.). In this way, oxytocin appears to facilitate groupism-in-group bonding and out-group distinction (see Shamay-Tsoory and Abu-Akel 2015; also Feldman et al. 2015) . Thus, the impacts of genetic variation linked to oxytocin on social behaviors are likely context-sensitive.
It should be noted that although the OXTR gene contributes directly to the production of the oxytocin precursor, variation in this gene does not appear to affect behavioral outcomes and characteristics as much as variation in the receptor (e.g., OXTR gene), which encodes a receptor protein conveying oxytocin's signal to receptive cells. To operationalize OXTR gene variance, we used multiple markers within OXTR, following the example of Schneiderman et al. (2013) who studied of the association between OXTR variation and empathetic communication at the beginning of loving romantic relationships. Similar to Schneiderman and colleagues' cumulative OXTR genetic risk score, ours is a multi-single nucleotide polymorphism (SNP) single-gene index where variation in each of five OXTR SNPs contributes additively to the overall gene score.
Current Study
The current study examined whether variability in the OXTR gene moderated associations among (a) the PROSPER project intervention; (b) peer substance use, as reported by nominated peers; and (c) and early adolescent alcohol use measured in the 9th grade. Although our outcome measure was alcohol use, we operationalized peer risk as substance use because it provides a broader measure of youths' likely exposure to prodeviance messages that encourage risky behavior (see Sutherland 1947) . Exposure to this context creates risks for youth beginning down an at-risk behavioral pathway themselves, the first steps of which would include alcohol use (see Cleveland and Wiebe 2008) .
Given that individual differences in affiliations with substance-using peers are heritable (Cleveland et al. 2005) , it is possible that OXTR variability might influence selection of friends based on their substance use. Moreover, selection processes might be impacted by intervention. To this end, we investigated the possibility of a two-way interaction between the intervention and OXTR variation predicting affiliations with substance-using peers. Based upon consistent findings that peer behaviors predict individual behaviors, we expected that affiliations with substance-using friends would be associated with individual adolescents' own 9th-grade alcohol use. Without evidence to the contrary, we did not expect a direct effect of variation in the OXTR gene on youth alcohol use. Instead, we expected to see an interaction among friend substance use, intervention program participation, and OXTR genetic risk on youth's own alcohol use. Specifically, similar to Cleveland et al.'s (2015) finding that the intervention potentiated the impact of high maternal involvement on alcohol use only among adolescents carrying sensitive genotypes, we expected that (1) the intervention would increase the impact of low-risk friends on adolescents' alcohol use but (2) primarily among adolescents with high OXTR scores. Also, although it was based on the subsample of PROSPER participants with in-home interview data rather than the inschool data used herein, Cleveland et al.'s (2015) null finding for intervention effects on 9th-grade alcohol use led us not to hypothesize a main effect of the intervention on 9th-grade alcohol use.
Four hypotheses guided our inquiry: first, OXTR variation will moderate the association between intervention status and affiliations with substance-using peers. Second, affiliations with substance-using friends will predict 9th-grade alcohol use. Third, OXTR variation will moderate the impact of affiliations with substanceusing friends on adolescents' own alcohol use. And fourth, OXTR variation will moderate the impact of intervention status on the association between affiliations with substance-using friends and individual adolescents' own alcohol use.
Methods Sample and Participants
The PROSPER project is an evidence-based intervention program with longitudinal data on 28 communities in Iowa and Pennsylvania randomized into 14 control and 14 intervention units (for more information on intervention design, see Spoth et al. 2013; Spoth et al. 2007 ). Students completed in-school questionnaires in the fall and spring of the 6th grade with annual spring follow-ups until the 12th grade. See Fig. 1 for the PROSPER CONSORT diagram (for design details, see Spoth et al. 2013) . In-school questionnaire included a request for participants to nominate up to two best friends and five additional close friends in their grade and school who also participated in the PROSPER project. Additionally, a random sample of 2267 families of youth in cohort 2 of the PROSPER project were invited to participate in the in-home data collections, which consisted of interviews and parent and adolescent questionnaires in waves 1 through 5; 979 (43%) participated.
The gPROSPER sample includes 2032 youth participating in the larger PROSPER project who provided buccal cell samples for genotyping. Of the 2032 youth who provided buccal cell samples, 537 did so during the wave 5 in-home assessment, and the remaining 1495 provided samples through the mail as part of a young-adult follow-up assessment. Of the 2032 participants who provided DNA, 1418 (69.78%) had valid peer nomination and self-report data. This reduced sample size was due to both missing data from the 9th-grade assessment (n = 377), and the combined effect of genotype failures across all five SNPs (n = 237). The analytic sample was predominantly self-identified as Caucasian (90.6%), with fewer self-identified as Hispanics/Latino (4.4%), African-American (1.6%), Asian (1.3%), and other ethnicities (2%). About 23% of participants in the analysis sample took part in the family-focused program. Supplemental analyses were completed to confirm that the results of primary analyses do not vary based on family program participation. When testing for GxE (including GxI), it is important to account for differences in genotype and allele frequency distributions across geographic ancestry populations, known as population stratification. If these differences are not accounted for, spurious associations between alleles and phenotypes can result in false positives (Cardon and Palmer 2003) . We used 34 AIMs to identify geographic ancestry in a principal coordinate analyses (PCoA) in which allele-sharing distances are used to extract principal coordinates (PCs) that describe the genetic ancestry of the sample (Halder et al. 2008) . Based on PCoA of 1922 participants (94.59% of samples from whom DNA was collected), PC1 provided an index of non-European ancestry that complemented information from self-reported ethnicity; high PC1 scores indicated less European ancestry.
OXTR Genetic Risk Score
DNA was collected using buccal swabs and genotyped using TaqMan assays on an OpenArray system (Life Technologies, part of Thermo Fisher Inc.) as described in Cleveland et al. (2015) . Five single nucleotide polymorphisms (SNPs) were used to calculate an OXTR genetic risk score (see Table 1 ). The OXTR risk score combines genetic variants chosen for their empirical relationships with what can be described as negative social behavior and related intrapersonal characteristics (e.g., aggression and low empathy). These SNPs, identified from the literature and searches of the Public Health Genomics Knowledge Base (Yu et al. 2010; Yu et al. 2008) , include rs6770632, rs53576, rs2254298, rs4686302, and rs1488467. We were unable to use the rs6770632 SNP, which has been associated frequently with social behavior (Feldman et al. 2015) . However, rs7632287 is in strong linkage disequilibrium with this SNP, indicating that rs7632287 could be used as a proxy (R 2 = 0.95; 1000 Genomes Project Consortium 2012). The SNPs were coded so that 2 indicated homozygous for the risk allele (high), 1 indicated heterozygous for risk allele (medium), and 0 indicated homozygous for the non-risk allele (low). These values were summed for each individual to make up the OXTR genetic risk score (range = 2-8, M (SD) = 5.76 (1.11)).
Intervention Status
Of the analytic sample, 729 (51.4%) attended and participated in the school intervention, while the remaining 689 (48.6%) were in the control condition. Intervention status was coded as either "Control" (0) or "Intervention" (1).
Peer Substance Use
Social network modeling of peer substance use in these data is detailed elsewhere (Osgood et al. 2013b ). Briefly, participants nominated up to two best friends and up to five other close friends in the same grade who also attended the same school. a Maj/Min, risk allele is in bold, gene search used the Public Health Genomics Knowledge Base (https://phgkb. cdc.gov/GAPPKB/phgHome.do?action=home) (Yu et al. 2010 (Yu et al. , 2008 Peer substance use during the 9th grade was based on the nominated peers' self-reported past month substance use. The substance use measure was based on the mean of four items that addressed how often during the past month the participant (1) drank alcohol, (2) drank enough alcohol to become intoxicated, (3) smoked cigarettes, and (4) used marijuana (1 = not at all, 5 = more than once a week). Higher scores indicated higher substance use (M (SD) = 1.44 (.52)).
Alcohol Use
Alcohol use by the 9th grade was assessed using three aggregated "Yes" (1) or "No" (0) items: "Have you ever had a drink of alcohol?", "Have you ever drunk more than just a few sips of alcohol?", and "Have you ever been drunk from drinking alcohol?" (range = 0-3, Cronbach's α = 0.79, M (SD) = 1.44 (0.52)).
Statistical Analysis
To address the clustered structure of the data (i.e., children nested within schools), we fit a multilevel model of covariance in SAS PROC MIXED with the REPEATED statement and maximum likelihood estimation. The amount of variance in 9th-grade alcohol use at the school district level was low (intra-class correlation = 0.012).
Results

Preliminary Results
Three sets of preliminary analyses were conducted to examine possible sources of bias in the data. First, we tested for differential attrition between adolescents in analysis (N = 1418) and the full genetic sample (N = 2032) on key sociodemographic characteristics collected at the baseline during the 6th grade. There was no statistical difference for baseline free and reduced lunch (F(1, 2030) = 0.30, p = 0.583); however, there was a difference for baseline parent marital status (F(1, 2030) = 9.88, p = 0.002). The Cohen's d for the differences in parent marital status was d = 0.15, indicating a small difference. Second, using PLINK (v 1.9, Purcell et al. 2007 ), the Hardy-Weinberg equilibrium of the OXTR SNPs was tested to determine whether sample allele and genotype frequencies were consistent with Mendelian patterns of inheritance. All the five SNPs were in Hardy-Weinberg equilibrium (p values >0.05), consistent with accurate genotyping. In addition, the SNPs were not in linkage disequilibrium (R 2 < 0.13), indicating that the use of these selected SNPs does not provide redundant information and combined use allows for better coverage of variation across the OXTR gene. Third, PC1 was not was related to analyses' measures, indicating population stratification was unlikely to confound results.
Primary Analysis
To examine the hypothesis 1, analyses were conducted to determine the moderating role of OXTR risk on the relationship between intervention status and substance-using peer affiliations. The first model, a regression model, included main effects for intervention status and OXTR risk. Both intervention status (b = −0.07, p < 0.01) and OXTR (b = 0.03, p < 0.01) predicted affiliation with substance-using friends such that adolescents in the intervention had fewer substance-using friends and higher OXTR risk was related to having more substance-using friends. In the second model, a two-way interaction between intervention status and OXTR risk was added to the first, which was significant (b = 0.06, p < 0.01). The interaction remained significant after controlling for PC1. Figure 2 illustrates that OXTR variability was not associated with 9th-grade peer substance use within the control group, but had substantial effect in the intervention condition. Figure 2 shows that affiliations with substance-using friends were never higher in the intervention condition than those in the control condition. In fact, the intervention appeared to provide a protective effect among low OXTR risk youth in the intervention, who affiliated with substantially lower-risk peers. In contrast, the peer affiliations of high-risk OXTR youth were not affected, for better or worse, by the intervention.
A series of three models predicting 9th-grade alcohol use were conducted to examine the hypotheses 2 through 4. The first model included main effects of OXTR risk, intervention status, and peer substance use; the second model added the three two-way interactions; and the last model included the three-way interaction with the subordinate two-ways and main effects retained (see Table 2 for full results). Results supported the hypothesis 2: while controlling for intervention status and OXTR risk, higher peer substance use was related to higher adolescent alcohol use (b = 0.82, p < 0.01). Main effects of intervention status (b = 0.03, ns) and OXTR (b = −0.01, ns) on alcohol use were not significant, however. None of the twoway interactions were significant when added to the model, demonstrating no support for the hypothesis 3. OXTR variation did not moderate the impact of affiliations with substanceusing friends on adolescents' own alcohol use. However, the significant three-way interaction in the final model supported the hypothesis 4 (b = −0.22, p < 0.05). OXTR variation did moderate the impact of intervention status on links between affiliations with substance-using friends and individual adolescents' own alcohol use. Parameters in this last model were robust to the PC1 covariate.
The effects of the three-way interaction were probed using a series of conditional main effects tests using techniques recommended by Frazier et al. (2004;  i.e., simple effects tests).
Specifically, analyses were conducted wherein categorical variables were reverse-coded and continuous variables were re-centered ±1 SD around their mean. This method provides slopes for the association between peer substance use and alcohol use separated by the intervention and control participants. Figure 3 presents the associations between peer substance use and adolescent alcohol use in the intervention vs. control conditions across high, medium, and low levels of OXTR risk. Two important inferences can be drawn from the figure. First, across each level of OXTR and intervention level, higher substance-using peer scores were related to higher alcohol use, demonstrating the consistency of this main effect. Second, the three-way interaction among OXTR, intervention status, and peer substance use appears to be largely due to differences in alcohol use between the intervention and control youth at high OXTR risk among adolescents who associate with low substance-using friends (see the far left end of the far right panel). Among these high OXTR risks, the effect of peer substance use on adolescents' alcohol use diverges, taking on a relatively steeper slope in the control condition than that in the intervention condition. The divergence can be accounted for by lower alcohol use among adolescents who affiliate with low substance-using friends within the control condition compared to that within the intervention. Thus, it seems that for a subset of youth-those with high OXTR risk but who associate with low-risk friends-the intervention is associated with higher alcohol use than comparable youth in the control group. It should be noted that this effect is relatively small and occurs among youth who report the lowest levels of drinking: those who affiliate with low substance-using friends.
In addition, we considered whether the primary results held up when controlling for participation in the family-based intervention, the Strengthening Families Program (SFP), in which 22.63% of those in the intervention communities took part. First, there was no difference on peer substance use between the SFP participants and either all others, t Fig. 3 Associations between peer substance use levels and 9th-grade alcohol use for intervention and control youth across high, medium, and low levels of oxytocin risk (1415) = 1.55, ns, or intervention community members whose families did not take part in the SFP intervention, t (727) = 0.67, ns. Second, adding a dummy variable indicating SFP participation to the analyses did not change results. Specifically, compared to −0.22 (p < 0.05), the three-way interaction parameter was −0.22 (p < 0.05). Key findings from these results are that (1) low OXTR risk youth associates with low substance-using friends in the intervention but not in the control condition, (2) a main effect of substance-using friends on adolescents' own alcohol use exists across all combinations of OXTR and intervention conditions, and (3) the three-way interaction is driven by adolescents with higher OXTR risk who associate with lower substance-using friends reporting somewhat higher alcohol use in the intervention than similar adolescents' reports in the control group. The difference in alcohol use levels captured by this interaction was small and occurred at the low end of the alcohol use scale.
Discussion
The purpose of this study was to investigate whether OXTR variation moderated intervention effects on both affiliations with substance-using peers and the impact of these affiliations on adolescents' own alcohol use in the 9th grade. Analyses addressing affiliation revealed a two-way interaction with OXTR variation predicting peer substance use, whereby lower OXTR risk was linked to lower levels of peer substance use among the intervention youth but not among the control youth. The interpretation of this interaction is straightforward: within the intervention condition, OXTR variation has a strong effect on the selection of substance-using friends, and no effect on the selection of those friends in the control condition.
In contrast to this clear result, analyses addressing the possible role of OXTR variation on the link between exposure to substance-using peers and adolescents' own alcohol use and how this association might vary across intervention conditions provided more mixed results. Although the three-way interaction among the OXTR score, peer substance use, and intervention status was significant, like all adolescents affiliating with low substance-using peers, the alcohol use levels of the high OXTR risk adolescents who affiliate with low substanceusing peers in the intervention, whose use drove this result, were low compared to those of the full sample. Rather than finding that OXTR substantially moderated the impact of peers, or the combined impact of peers and intervention, affiliations with substance-using peers were consistently linked to individuals' own alcohol use across all combinations of OXTR variation and intervention conditions.
That affiliation with substance-using friends is similarly linked to individual adolescents' alcohol use across all combinations of intervention, and OXTR risk is important.
Findings suggest that the interactive effects of OXTR variation manifest more in terms of peer selection than peer influence. The shape of the OXTR by intervention interaction is important. First, rather than crossing over, the interaction took on a fan-shape, whereby the intervention appears to facilitate the ability of low OXTR risk adolescents to select peers engaging in very low levels of substance use. Perhaps such adolescents, without the intervention, would minimize or ignore their friends' substance use out of loyalty or empathy. Given that across all combinations of OXTR risk and intervention vs. control conditions, affiliating with peers who use fewer substances appears to be better than affiliating with higher-use peers, the ability of the intervention to positively impact this peer context is important.
Framed differently, findings also contribute to our understanding of just what OXTR variation itself may impact and the conditions under which this impact might change. The impact of OXTR variability on the affiliations with risky peers seems to be facilitated by the PROSPER interventions. Across the control and intervention conditions, youth with more OXTR "risk" alleles are equally prone to affiliate with highrisk peers. These youth follow the general preference for friends who engage in problem behaviors (see Osgood et al. 2015) . In contrast, messages delivered by the intervention appear to reduce the general preference for risky friends, but only among low OXTR risk youth. It may be that having fewer "risky" OXTR alleles conveys a weaker affiliative drive. Alternatively, these less "risky" alleles might convey a greater sensitivity to the larger school context.
Limitations and Future Directions
The current study uses a cGxE framework to examine the effect of the interactive relationship among OXTR status, affiliating with substance-using peers, and substance use interventions. This framework is uniquely suited to understanding for whom and why environments matter . Some critics of this method have indicated that single-gene approaches do not reflect how genetic variance impacts behaviors. This critique is true. However, the use of single genes, whether VNTRs, such as DRD4 or 5-HTTLPR, or via multiple SNPs, as we do here, comes with the advantage of understanding the role of specific genes on specific biological processes that in turn affect behaviors via neurocognitive processes and differences in individual characteristics. Although these pathways are not by any means fully understood, the use of genes with roles in these pathways provides the opportunity to gain greater insight into whom is being affected by interventions and why. Other approaches offer advantages as well. Although they are agnostic to the identity of specific genes, twin studies provide the basis for determining the existence and extent of genetic influences on infinite phenotypes, ranging from the obvious, such as height, to the somewhat surprising, such as affiliations with substance-using peers. GWA approaches are also powerful tools for discovery, identifying specific genes rather than the variance accounted for by genetic variance. But given the large sample sizes required to make them most effective and the averaged environments across which they scour the genome for "hits," they do not provide insight into how genes work or, of course, how environments impact behaviors. In comparison, adding assays of specific genetic variance to behavioral science data sets allows researchers the opportunity to make prior predictions for how genes with known characteristics may transact with experiences to impact human behavior. Of course, not all of these hypotheses will be correct. Our predictions for OXTR impacts on peer selection were supported. Our predictions for OXTR moderating peers' direct effects and their interactions with interventions were not.
The current analyses predict alcohol use, but not volume or frequency. We chose this measure because drinking, regardless of level, by 9th grade is related to increased risk for a range of problem behaviors in adolescence and later alcohol problems in young adulthood (Pitkänen et al. 2005) . Future cGxI analyses of the PROSPER data set will no doubt focus on other alcohol outcomes, included but not limited to volume and frequency of drinking in later adolescence and problem drinking in young adulthood. In addition, it would be very useful to follow up the most compelling finding of this study-that OXTR risk interacts with intervention status to impact the selection of risky peerswith longitudinal analyses. The current study focused on 9th-grade outcomes as peers are especially relevant (Steinberg and Monahan 2007 ) and drinking appears especially harmful during this time. Because PROSPER has longitudinal data on peer affiliations across each grade from 6th to 12th grade, it provides the opportunity to investigate not only what genes impact peer affiliation, but also when different genes impact these affiliations.
Another possible limitation is that we discuss our OXTR SNP score in terms of low-versus high-risk, in part to align our work with current cGxE frameworks. Understanding the relationship among OXTR, oxytocin, and behavior is a work in progress. Given what appears to be the highly contextual nature of oxytocin's relationship to behavioral outcomes, the label "risk" may be less accurate than "affiliative tendency." Hopefully in the future, we will have a better understanding of and label for OXTR gene variation. Because they are often longitudinal and focus on measuring experiences and processes in the social domains through which interventions are designed to work, such as via parent-child and peer-youth relationships, preventative intervention data sets might prove especially valuable for uncovering how OXTR variation, as well as variation in other genes and sets of genes, affects social processes. Kurt Lewin's phrase, "If you want truly to understand something, try to change it," is often mentioned by prevention researchers to underscore the implications of interventions for understanding the etiology of the behaviors they are trying to change. It seems that this phrase is equally applicable to the advantage of intervention for trying to understand how and why specific genes impact behaviors.
